Chronic noncommunicable diseases are leading causes of death and disability in many developing countries. Several low-income countries lack mortality and morbidity data and do not yet know their burden of noncommunicable diseases. Cost studies are scarce, but in middleincome countries such as those of Latin America and the Caribbean, the cost of illness not only represents much of the direct costs of medical care, but also has an impact on family disposable income. Studies have reported that in low-resource settings, given incomplete health coverage and partial insurance, out-of-pocket expenses are high. Persons with chronic conditions, in many instances, have to forego care because of their inability to pay. Poverty and chronic noncommunicable diseases have a two-way interaction. These conditions warrant attention from poverty-reduction programs. Evidence shows that to have an impact on the burden of chronic diseases, action must occur at three levels: population-wide policies, community activities, and health services. The latter includes both preventive services and appropriate care for persons with chronic conditions. A public health approach embodies a systems perspective, containing the continuum of prevention and control, from determinants to care. In this framework it is critical to identify and address interactions and interventions that connect between and among the three levels of action.
Introduction
There is a pressing need in the international public health community to take action with regard to the epidemic of chronic noncommunicable diseases, given the burden on developing countries and among the poor. Traditionally, two contrasting approaches have been discussed. One is based mostly on health promotion, addressing the determinants of risk factors and disease. The other is based on clinical cost-effective interventions. A public health response must bridge these two approaches and integrate prevention and control of noncommunicable diseases in comprehensive programs. In this paper we discuss a first approximation to develop a conceptual framework to achieve integration of noncommunicable disease prevention and control, with particular reference to the situation of Latin America and the Caribbean.
Social and economic burden of chronic diseases
There is wide recognition that chronic noncommunicable diseases are the leading cause of premature mortality and disability in the vast majority of countries of the Americas [1] . Among those under the age of 70, noncommunicable diseases account for 44.1% of deaths among males and 44.7% among females. The work force of most countries is affected by illnesses and risk factors that are highly preventable. The increasing relative importance of noncommunicable diseases in terms of disability-adjusted life years (DALYs) [2] is depicted in figure 1 .
The importance of noncommunicable diseases is evident in persons of all ages and both sexes. Studies show that the prevalence of hypertension ranges from 14% to 40% among those 35 to 64 years of age, but nearly half are not aware of their condition, and on average, only 27% control their blood pressure [3] . Among the 9% to 18% of persons 35 Mention of the names of firms and commercial products does not imply endorsement by the United Nations University.
Sylvia C. Robles one microvascular complication when diagnosed [4] . These complications, which can be prevented, lead to significant disabilities, such as blindness, amputation, and chronic renal failure. The number of persons with diabetes will increase almost twofold in Latin America and the Caribbean by the year 2020. It is estimated that nearly 80% of cases will be related to obesity. Women require special attention, because they have higher rates of obesity and physical inactivity than men [1] . It is not surprising that currently cardiovascular diseases are the leading cause of premature death among women in Latin America and the Caribbean.
No comprehensive study on the cost of noncommunicable diseases in Latin America and the Caribbean has been published. It is known that in the United States, the cost of cardiovascular diseases is on the order of 2% of the gross domestic product [5] . A study on the cost of illness in Canada found that 21% of all such costs are attributable to cardiovascular diseases, for a total of US$12 billion annually [6] . These costs included treatment, consultations, and indirect costs, such as loss of income due to disability and death. Cardiovascular diseases were also considered responsible for the highest proportion (32%) of lost income due to premature death. The annual cost of diabetes in Latin America and the Caribbean has been estimated at US$65.2 billion (2000) [7] . The different components used to estimate the total cost are presented in table 1. The highest costs are attributed to permanent disabilities due to complications from diabetes.
The cost and overall efficiency of interventions must be evaluated in terms of effectiveness and health gains for the population at large, but it is particularly important that consideration be given to those who bear the cost of such interventions, both the society and the individual patient. For example, antihypertensive treatment can cost up to $100 per month, putting it out of reach of persons from countries where the average monthly income may be only $50 or less. A study in Jamaica reported that 57% of persons with cancer and diabetes became medically indigent because of the high proportion of the cost that required direct payment from patients; thus, 50% had to forego treatment because of inability to pay [8] . Health-services financing and policies impact on the possibilities that the population has to prevent and control chronic noncommunicable diseases, but the situation has yet to be appropriately documented in developing countries Noncommunicable diseases have been erroneously regarded as diseases of affluence. This myth has led to misguided policy decisions [9] . Growing evidence demonstrating otherwise [10, 11] warrants attention from poverty-reduction programs. Although it has been widely demonstrated that persons with higher levels of physical activity and high consumption of fruits and vegetables have lower incidence rates of cardiovascular diseases and diabetes [12] , it is very difficult for those living in a poor, unsafe neighborhood and working long hours to increase their physical activity and improve their diets. Neighborhoods and communities in the same country or city can have varying availabilities of food, access to health services, and opportunities to benefit from health-promotion initiatives.
Given the complexity that the burden of chronic noncommunicable diseases imposes on developing countries, the problem cannot be analyzed only in epidemiological terms. One-dimensional solutions, dealing with risk factors or diseases independently, have too narrow a scope. There are underlying common elements to several diseases and risk factors, as well as social dynamics and external influences. Public health agencies must adopt a comprehensive systems perspective that examines the multilevel processes that frame the prevention and control of noncommunicable diseases. 
Evidence for action Prevention
The incidences of disease and risk factors, as well as implementation of interventions, are affected by the societal context, which refers to the physical, social, and cultural environment (e.g., urban layout, safety factors, social support, social networks, cultural beliefs, language, gender roles, family composition, education, and income). The state and social groups play crucial roles in shaping the social context. Thus, prevention efforts need to extend beyond the individual to the environment that affects behavior. In order to improve understanding of how social dynamics influence health, several community-based trials of noncommunicable disease prevention were initiated in the United States and Finland in the 1970s and 1980s [13] . The results of these trials varied, probably because of various methodological considerations [14, 15] . In several studies, the control group accessed the intervention too soon after the study group to measure meaningful differences [16] , either because of contamination or because of a policy decision to extend the program. Although some studies were inconclusive or the changes were difficult to interpret, the community organization process in conjunction with preventive health services seemed to be at the core of successful programs [17] . Some specific programs demonstrated reduction of risk factors and disease in closed population groups [18] , such as interventions in the workplace consisting of a combination of regulations, health education, and individual interventions [19] . In view of the conflicting evidence, some have argued for a focus on health-services-based preventive interventions aimed at individuals [20, 21] , such as smoking-cessation programs and nutrition counseling and screening. From an epidemiological point of view, it may be more feasible to demonstrate a statistical relationship for interventions aimed at individuals than to evaluate complex multilevel, multifactorial interventions. More recently, evaluation models that integrate behavioral and social science and consider multiple dimensions of interventions [22] are providing interesting results and another view to assess evidence.
Recent studies have attempted to determine what is required to achieve successful changes that both are effective and have the potential to reach all sectors of the population. The 2002 World Health Report [23] identified high blood pressure, overweight, and alcohol consumption to be the leading risk factors for mortality in Latin America and the Caribbean. Further analyses suggest that population-wide policies, such as legislation to reduce salt intake, combined with absolute risk reduction, are the most cost-effective interventions for the set of highly prevalent risk factors for cardiovascular disease in the region [24] . A previous review by the Institute of Medicine of the United States points to community-based interventions in combination with preventive health services as the key strategy to reduce morbidity and mortality from noncommunicable diseases [25] .
Control of risk factors and disease
There is an important amount of research documenting the benefits and risks of various strategies for the control of risk factors and disease. The US Preventive Services Task Force [26] permanently reviews and grades the evidence for possible preventive interventions. In the area of chronic noncommunicable diseases, two strategies are noteworthy: screening, in particular for cancer of the cervix, breast, and colon as well as for hypertension; and counseling, for example, providing intensive behavioral dietary counseling for adults with hyperlipidemia and other known risk factors for cardiovascular disease. A third strategy for which there is increasing evidence is chemoprevention, such as the use of aspirin to prevent myocardial infarction and statins to control hyperlipidemias.
Therapeutic advances have been at the forefront in the improvement of disease management. Various researchers claim that the results of the WHO-MONICA study on cardiovascular disease show that the reduction in cardiovascular disease mortality may be primarily due to the improvements in the treatment of disease rather than prevention [27, 28] . Others have challenged this interpretation on the bases of the large transformation power of population-based interventions at the policy level and the large variability in mortality and case-fatality rates among countries [29] . Most recently, a Finish study supported the latter, based on a significant decrease in mortality and a nonsignificant decrease in case fatalities [30] .
The control of chronic noncommunicable diseases depends not on improving already available individual interventions, but in determining whether these interventions would be effective and sustainable under real-life conditions. Much of the evidence comes from efficacy trials conducted in well-controlled environments. Effectiveness or, more accurately, "population-based effectiveness" implies that the benefits of an intervention can reach all those who need it and that the system has the capacity to implement and sustain any given delivery program. The World Health Organization recently stated that the current acute health-care model has not proven effective in dealing with the prevention and control of chronic conditions [31] . Prevention and control of chronic noncommunicable diseases requires long-term contact with primary health-care services and good quality of care in order to be effective.
In general, it can be stated that strategies or favorable conditions at multiple levels are needed to trigger overall system change. Three synergistic levels of action can be identified: policies and regulations addressing macro-level determinants, community-based actions that promote the participation of the population and affect demand, and health-service-centered modifications to address the needs of those with a given condition and offer preventive services.
Policy-building
In industrialized countries, several adopted policies, laws, and regulations have been successful in preventing disease and injury, such as tobacco taxation and use of seat belts and helmets. The challenge, however, is in the process by which health policy is developed. Comparative analyses have demonstrated that these processes differ across social contexts and the nature of the proposed change, as well as preexisting political conditions [32] . Government action, either national or at the state and municipal levels, may require the support of internal or external technical and scientific establishments. In addition, the participation of the civil society is particularly influential for legislative changes that affect the interests of various stakeholders. Pivotal policy changes pertaining to noncommunicable disease prevention affect both public and private entities, often operating internationally. In this case, many small countries are unlikely to be successful by undertaking changes on their own [33] . Concerted international action and intercountry support are necessary to achieve outcomes.
Community involvement
The decentralization of health services has focused primarily on the provision of care, transferring decision-making to the local level. In contrast, within the health sector, public health decisions have remained highly centralized in national, state, or provincial ministries of health, either because public health has not been part of reform efforts or because capacity has not been developed at the local level. At the same time, a process of government decentralization has taken place, giving more decision-making power to municipal governments. These local governments are increasingly addressing health issues beyond traditional basic sanitation activities, to include behavior change or "healthy lifestyles" within a larger social framework. Several of these activities need technical support, as investments without appropriate returns may occur. Thus, it is imperative to build local public health capacity and to bring to the table evidence of the public health impact of various strategies, by participating in the design, monitoring, and evaluation of these initiatives [34] .
The integration of public health with local government initiatives calls for an active participation of the population to which these initiatives are directed. Methodologies to learn and understand their views, perceptions, and needs, if incorporated into program design and evaluation, are likely to improve the possibility of successful outcomes.
Shift toward responsive health services
Traditionally, interventions have been aimed at healthcare delivery, at management, or at individual health professionals, such as physicians and nurses. To address chronic noncommunicable diseases, emphasis must be placed on demand, enabling patients to make informed decisions. It is the system behavior that makes the difference and not partial interventions. Based on this premise, a model for the care of chronic conditions aimed at improving outcomes includes five dimensions: clinical information systems, decision support, delivery system design, self-management support, and the use of community resources [35, 36] . Further evaluation is necessary to ensure the applicability of this strategy to developing countries, particularly in low-resource areas. The discussion of the development of a chronic care model clearly acknowledges that the policy and financial context must be conducive to change. In a study conducted by PAHO on Essential Public Health Functions, the area of quality assurance and population-based health services scored the lowest among 11 functions evaluated [37] . There is a lack of definition of standards and evaluation to improve quality, and incipient development of health technology assessment.
Conclusions
A public health response to the prevention and control of chronic noncommunicable diseases requires the following: » The problem is addressed from a broad but cohesive systems perspective, based on epidemiologic evidence, and at the same time takes into account the social context and international environment; » Actions, whether to promote policy changes or to develop community-based programs or individual health service interventions, are evaluated in order to ascertain their population effectiveness; » Financing and a supportive infrastructure are present to assure sustainability and coverage; » The needs and perspectives of the population served are considered, so that they can be proactive participants in prevention and control programs. These principles should guide the implementation of actions at the three levels identified: population-wide policy-making, community involvement, and healthservices infrastructure. The three levels are interrelated but occur in different scenarios with different Chronic disease prevention and control stakeholders. It appears that approaches that bridge across levels necessarily include the involvement of the community and are generally more successful and efficient. Therefore, it is important that we understand the interactions across these various levels. Figure 2 presents a graphic interpretation of this framework. The main challenge to the application of such a framework is the lack of institutional capacity in most developing countries. The organization of the public sector has been traditionally tailored to address communicable diseases and to provide direct patient care. There is a limited capacity for intersectoral action, but a large potential in decentralized govern-ments. The complexity of chronic diseases, their risk factors, and their determinants may require rethinking organizational models that can provide a public health response. Figure 2 depicts the three levels of action: health services, community, and health policy, as well as the interaction among these levels. * Population-wide policies have been separated from the international policy environment. The former can be national or subnational in scope, whereas the latter refers to transnational policies that can affect health, such as trade agreements and environmental protection. Application of this framework and the use of appropriate methods will contribute to elucidate the overall system dynamics in various settings.
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International policy environment Population-wide policy FIG. 2. Framework for a public health approach to the prevention of noncommunicable diseases * Most research and interventions in public health occur within each of the different components of the system or levels of action: health services, community, and health policy. However, to understand the system as a whole, the points of interaction should be better understood, for example, the points of interaction for people with chronic conditions, which require a strong link between health services and the community, as well as outreach strategies for screening and counseling. Further development of the system would look at the mechanisms for the community to fully participate in policy-building processes and policy implementation. We have separated population-wide policy, which may be national or subnational in scope, from the international policy environment, which refers not only to health policy but more broadly to policies that affect health, such as trade and environmental protection. Methodologies for health impact assessment can make an important contribution to the understanding of these associations. Further development of this analytical framework and the application of appropriate methods will help clarify the overall system dynamics.
